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 A COMPARISON OF THE EFFECTS OF STRETCH DURATION
 
AND REPETITIONS ON HAMSTRING EXTENSIBILITY
 
CHAPTER 1.
 
INTRODUCTION
 
The plethora of evidence to support the connection between poor 
flexibility and injuries during physical exertion has convinced most 
coaches, athletes, sports and general health care practitioners, and a 
large portion of the general public that improving and maintaining an 
adequate level of flexibility is profitable and for athletes an essential 
part of their training regimen. Thus, most athletes routinely perform 
exercises to maintain or improve flexibility and would probably agree on 
the beneficial effects-- preventing injury and muscle soreness and 
improving mechanical efficiency of the muscles-- that have been 
indicated by numerous authors (Agre, 1985; deVries, 1962; Gajdosik, 
1991; Godges, MacRae, Longdon, Tinberg, & MacRae, 1989; High, 
Howley, & Franks, 1989; Liemohn, 1978; Nicholas, 1970; Powers & 
Howley, 1990; Worrell, Perrin, Gansneder, & Gieck, 1991). 
Recommendations concerning the specifics of stretching, for 
example about the time that a stretch should be maintained (duration) 
or how many times it is to be repeated (repetitions), are equivocal. 
Some authors recommend that to improve the range of motion (or 2 
flexibility or extensibility) of a particular joint a stretch should be held 
for up to 1 min (Tipton, 1976; Beaulieu, 1981) and should be repeated 
five to fifteen times (Alter, 1988). Other researchers have reported 
improved flexibility as a result of eight treatment sessions with a 
duration of 30 sec and only one repetition per session (Sullivan, 
Dejulia, & Worrell, 1992). Powers and Howley (1990, p.457) recommend 
that the duration should be increased from 10 sec to 60 sec and the 
repetitions from 3 to 10 per session as the individual continues 
training. A few researchers have recommended even shorter durations: 
deVries (1961) and Moore and Hutton (1980) suggested that a stretch 
only needs to be held for 8-10 sec. Currently, durations between 10 and 
30 sec and 3-5 repetitions are considered appropriate to improve 
flexibility (ACSM, 1995). Since many of the static stretching methods 
and positions have been directly adopted or adapted from Hatha Yoga 
exercises, it is natural that the recommendations of about 25-30 sec 
and 2-3 repetitions were also borrowed (deVries, 1979). 
However, few studies have scientifically examined the optimal 
duration and number of repetitions per session required for gains in 
flexibility. Bandy and Irion (1994) found that to improve hamstring 
extensibility a duration of 30 sec was more effective than 15 sec and 
equally as effective as a 1 min long stretch. Borms, Van Roy, Santens, 
and Haentjens (1987), on the other hand, found a 10 sec hold to be as 
effective as a 20 or 30 sec hold and argued that durations longer than 
10-15 sec are not necessary if similar results can be obtained with a 
shorter duration. 
None of the above-mentioned studies-- like most of the research 
that has compared different stretching methods-- examined the 3 
number of repetitions of the stretch performed and its potential role on 
the training effect. Therefore, the purpose of this study was to 
investigate the effect of duration in combination with the number of 
repetitions of a stretch on hamstring extensibility. 
Statement of the Problem 
The purpose of this study was to determine the effect of the time 
a stretch is held (15 sec or 30 sec) and the number of times it is 
performed (1 or 2 repetitions) on improving active hamstring 
extensibility of healthy male and female subjects. 
Research Hypotheses 
The study was based on the following hypotheses: 
a)	  Stretching will improve hamstring extensibility (HE) significantly 
more than not stretching. 
b) A stretching duration of 15 sec will improve HE as much as a 
duration of 30 sec. 4 
c)	  2 repetitions of a 15 sec stretch will improve HE significantly more 
than 1 repetition of 15 or 30 sec. 
Statistical Hypotheses 
The following statistical hypotheses were tested: 
Ho:	  a)  [I. 1 x 15, [1, lx 30, II 2 x 15 5 J.1 control
 
b) 11 1 x 15 < li 1 x 30
 
C) li 2 x 15 5.  11 1 x 15, I..t 1 x 30
 
Hi:	  a) 111 x 15,11 1 x 30, 1-t 2 x 15 > ti control
 
b) 11 i x 15 = 11 1 x 30
 
c)  I..t 2 x 15 > 11 1 x 15, li 1 x 30
 
Where:'... 1 x 15, li, lx 30, and1.1 2 x 15 are the mean increases in
 
HE for the stretching groups, and '.L control is the mean increase in HE
 
for the control group.
 5 
Assumptions 
This study was based on the following assumptions: 
1.	  All subjects performed the flexibility exercises according to given 
instructions. 
2. The subjects exerted maximum effort during flexibility testing. 
3. The effects of the stretching programs were observable by the 
measures used. 
4. The measurements performed by the experimenter were valid and 
reliable. 
5. The instrumentation that was used provided valid and reliable 
measurements. 
Delimitations 
The delimitations of the study were: 
1. The subjects were healthy male and female volunteers from a 
university environment. 
2. Only changes in hamstring extensibility were measured. 
3. The training period was limited to five sessions per week for 3 
weeks. 6 
Limitations
 
The limitations recognized in this study were: 
1. The subjects' motivation to perform to maximum capacity during 
training or testing could not be controlled. 
2. The subjects' normal daily physical activities including stretching 
could not be controlled. 
3.	  Because the stretching sessions were unsupervised, the subjects' 
level of compliance could not be controlled. 
Operational Definitions 
The independent variables used in this study were duration and 
repetitions. The duration a stretch was held was measured in seconds 
(15 or 30 sec) and the repetitions were the number of times the stretch 
was performed (1 or 2 repetitions). 
The dependent variable was the number of degrees to which a 
subject's leg could be actively extended at the knee with the hip flexed 
90°. A knee angle of 90° was used as the starting position and 
considered as 0° of extension. 7 
CHAPTER 2.
 
REVIEW OF LITERATURE
 
The concept of total fitness is increasing in popularity as health 
and physical educators, exercise scientists, physicians, psychologists, 
and other health professionals interested in the well being of the 
individual realize the interdependence of all the separate components 
of fitness. Just as fitness cannot be defined merely as physical well­
being, it is becoming increasingly clear that physical fitness does not 
imply only medical fitness (or absence of disease) but is influenced by 
the individual's levels of muscular strength and endurance, 
cardiovascular fitness, and flexibility. Indeed it would be hard to find 
recent literature on fitness that does not stress the importance of 
development and maintenance of flexibility-- especially in the 
prevention of low back pain, one of the most frequent medical 
complaints in the United States (Corbin & Noble 1980). 
The purpose of the following literature review is to discuss in 
some detail the research on flexibility-- especially hip and hamstring 
flexibility-- and it is divided into two sections. Reasons for stretching 
are covered in the first section while research in the methodology of 
stretching is examined in the second section. 8 
Why Stretch?
 
Stretching has been found to lengthen the muscles and the 
adjoining soft tissue, thus lessening tension and improving the 
alignment of joints-- which in turn will improve posture. Maintaining a 
good posture along with a good balance of flexibility and strength of the 
supporting muscle groups of the lower back (hip flexors and extensors, 
abdominals, and the muscles surrounding the vertebrae) has been 
cited as an important step toward preventing and correcting low back 
pain (Donatelle, Snow-Harter, 86 Wilcox, 1994). 
According to Hoeger and Hoeger (1994), every year 75 million 
people in the United States suffer from low back pain-- this is 
estimated to cost the U.S. industry over "$1 billion in lost productivity 
and services alone, and an extra $225 million in workers' 
compensation" (p. 159). Some 80% of all lower back problems are 
caused by faulty alignment of the spine and the pelvic girdle-- a 
condition that is highly preventable and correctable by improving 
flexibility and strength in the lower back and abdomen (p. 159-161). 
The effect of improving the balance of the agonists and 
antagonists of the hip musculature on gait economy was studied by 
Godges, MacRae, Longdon, Tinberg, and MacRae (1989), who examined 
the hypothesis that improved agonist/antagonist balance would 
promote "pelvic symmetry and economy of movement patterns" (p.351). 
They found that as a result of a bout of static stretching the hip range 
of motion of seven males was significantly increased and gait economy 
improved at three different exercise intensities (40, 60, and 80 % of 9 
maximal oxygen uptake). In light of this finding it can be hypothesized 
that improved hip flexibility can enhance gait economy, as measured by 
oxygen consumption, which would possibly have a positive effect on the 
sports performance of many kinds of athletes, most notably distance 
runners. 
Increase of injury risk is a possible effect of poor hamstring 
flexibility that has been studied by several authors (Agre, 1985; 
Burkett, 1970; Liemohn, 1978; Nicholas, 1970; Sutton, 1984; Worrell et 
al., 1991). Concerning the etiological factors, prevention, and treatment 
of hamstring injuries, Agre (1985) stated "If the hamstring 
musculotendinous unit is tight and lacking in sufficient flexibility, the 
unit may be stretched beyond its ability to elongate in the later part of 
the swing phase (of a stride) and a tear may result" (p.27). Liemohn 
(1978), in a study of 27 male members of the 1975 track and field team 
of Indiana University, found that seven athletes who were less flexible 
and less bilateral in relation to hip-joint flexibility than the rest of the 
sample suffered hamstring injuries during the competitive season 
subsequent to the flexibility measurements. He cited poor hip-joint 
flexibility as perhaps the most dominant factor causing hamstring 
strains. 
Another benefit of stretching discussed in the literature is that it 
may reduce delayed onset muscle soreness (DOMS) (Borms, 1983; 
Beaulieu, 1981; Corbin 86 Noble, 1980; deVries, 1986). However, the 
results of studies on the issue are somewhat conflicting. deVries 
(1961) had 17 subjects perform wrist hyper-extensions with both arms 
for 4 min which caused muscle soreness for 12 of the subjects. All 12 
reported a lessened degree of soreness in the arm of which the wrist 10 
flexors and extensors had been stretched statically for one minute 
immediately after the exercise (as compared to the opposite arm which 
was used as a control). 
More recently High, Howley, and Franks (1989) failed in an 
attempt to reproduce the preventive effect of stretching on DOMS in a 
study of 62 healthy males and females. Subjects performed a step test 
until they could not keep up with the work rate of 64 steps per minute, 
rested for 3 min and repeated the exhaustive exercise three times. The 
researchers used either only a warm-up or a warm-up and static 
stretching as treatments. The results showed that neither treatment 
had a significant preventive effect on DOMS. Also in 1989, Buroker and 
Schwane examined the preventive capacity of static stretching on post­
exercise knee extensor and plantar flexor muscle soreness. The 
stretching was done in sessions of 10 repetitions of 30 sec at 2-hr 
intervals for 24 hours after the exercise (a 20-min step test). The 
results of Buroker and Schwane indicated that the step test induced 
DOMS that stretching could not alleviate-- thus validating the results 
of High et al. (1989). 
How to Stretch?
 
Warming up before exercise is generally considered a healthy 
practice because of its ability to increase "...the elasticity and 
temperature of muscles and connective tissues" (Donate lle, Snow­11 
Harter, 86 Wilcox, 1994, p. 63). For the same reason one would 
rationalize that stretching after a warm-up would be more beneficial for 
the improvement of flexibility. Williford, East, Smith, and Burry (1986) 
examined how a warm-up affects the development of flexibility by 
comparing flexibility gains of a group of 17 students who performed a 
stretching routine without prior warming up with another group of 16 
students who jogged for 5 min and then stretched. Both treatments 
produced similar gains in flexibility with no apparent added effect from 
the warm-up. However, even if a warm-up prior to stretching has no 
impact on the flexibility gains, it should be advocated because 
stretching "cold" muscles can result in injury (Beaulieu, 1981). 
Therefore, the National Sports Association of Sweden, for example, 
recommends that all flexibility training and testing should be preceded 
by a warm-up (Wiktorsson-Moller, Oberg, Ekstrand, 86 Gillquist, 1983). 
There are two main types of stretching: active and passive--active 
meaning that one can perform the stretches alone whereas passive 
methods require a partner or therapist. In active stretching the muscle 
tension is generated by the subject-- in passive stretching the partner 
or therapist moves the joint to its limit to create the tension needed 
for a stretching effect. Of the active methods of improving flexibility, 
static stretching (slow, controlled extension or stretch of a muscle with 
a hold at the point of moderate tension) is today considered the 
preferred kind. Nils Bukh, a gymnastics guru in Scandinavia in the 
early 1900's, advocated ballistic stretching (bobbing or bouncing a joint 
to its limits) whereas the Swedish gymnastics headed by Ling used 
almost exclusively static stretches (Borms, 1983). The reason why most 
prescribers of stretching today recommend the static kind is because it 12 
produces the least amount of tension and is therefore less likely to 
cause injury (Bandy et al., 1994; Beaulieu, 1981; deVries, 1986; Taylor, 
Dalton, Seaber, 86 Garrett, 1990). 
Alter (1988) lists four arguments against ballistic stretching. 
Firstly, the rapid creation of tension in the muscle and adjacent 
connective tissue does not allow enough time for lasting changes to 
occur in the length of those tissues. Secondly, a fast stretch creates a 
greater force per unit of time than a slow, controlled stretch and is 
therefore more likely to cause strain or rupture in the target tissue. A 
third argument is that sudden elongation of a muscle will cause a 
stretch reflex-- a contraction of the muscle. With the muscle 
contracting it will be much harder-- if not impossible-- to stretch the 
connective tissues. Lastly, with a ballistic stretch there is not enough 
time for neurological adaptation. This means that the muscle spindle 
that signals to the central nervous system to effect a contraction (to 
protect against the potentially harmful stretch) does not have time to 
habituate and reduce its signaling. Thus the muscle does not relax but 
instead will resist stretching. 
Similarly, "No pain, no gain!" doesn't quite apply to stretching. 
On the contrary, it has been hypothesized that a myotatic (or stretch) 
reflex exists and that it is associated with pain. When a muscle is 
quickly stretched to a point of pain it responds by contracting-- this is 
the same reason why many researchers argue that static stretching is 
safer and also more efficient than the ballistic method. During static 
stretching the recommended intensity is usually described as moderate 
tension-- but not pain-- to avoid the stretch reflex and for the reason 13 
that pain may signal that the muscle is overstretched which may result 
in injury (ACSM, 1995; Beaulieu, 1981; Donate lle et al., 1994). 
An aspect of stretching that has lately received more attention 
from researchers is body positioning-- in respect to hamstring 
flexibility, specifically the pelvic position-- during the stretch. 
Traditionally, hamstring stretches have been performed with the goal of 
touching the chin or nose to the knee. This encourages the subject to 
flex the spine (round the back) which may place the hamstring muscle 
group in a position of lessened stretch. Sullivan, Dejulia, and Worrell 
(1992) randomly assigned 20 subjects to one of two experimental 
groups-- an anterior pelvic tilt (APT) group (straight back) or a posterior 
pelvic tilt (PPT) group (rounded back). The subjects performed 
hamstring stretching exercises four times a week for 2 weeks after an 
initial assessment of hamstring extensibility. Following a post­
treatment measurement it was observed "...that the APT position was 
significantly more effective in increasing hamstring muscle length (P = 
0.0375) than the PPT position" (Sullivan et al., 1992, p. 1387). The APT 
group increased its scores on an Active Knee Extension Test (AKET) by 
an average of 11.05° (21.7%) whereas the PPT group increased its AKET 
scores by only 2.7° (5.2%). (Descriptions of APT and PPT are given in 
APPENDIX A.) 
Recommendations for the duration of a stretch have varied 
widely, with the most frequently mentioned ones ranging from 10 sec to 
1 min. However, most of the recommendations have been based on 
rationale and convention while few attempts have been made to 
quantify the optimal duration by means of scientific research. The 
optimal duration would be one during which the muscle is held in a 14 
stretched position long enough for the muscle spindle to "get used to" 
the new length and reduce its signaling (which causes the muscle to 
contract). This would allow the muscle to relax and the connective 
tissues to lengthen. 
To find out what the optimal duration of a stretch is, Taylor et al. 
(1990) examined the "viscoelastic properties of muscle-tendon units" 
by subjecting rabbit lower leg muscles to simulated static stretching. 
Twelve rabbit extensor digitorum longus (EDL) muscle-tendon units 
were repeatedly stretched to a tension that could be expected to result 
in deformation but not permanent injury. The authors observed that 
the most significant amount of stress relaxation or lengthening in the 
muscle-tendon units occurred during the initial 12 to 18 sec. 
In research on human subjects, Borms et al. (1987) found no 
significant difference between the effects of three different stretch 
durations (10, 20, and 30 sec) on hamstring extensibility. 20 sedentary 
women were assigned to one of three groups that stretched for 10, 20, 
or 30 sec twice-a-week for 10 weeks to improve the extensibility of 
their hamstrings. All of the three experimental groups improved 
significantly (11.7-13.5° or 18.6-22.5% as measured with an active 
straight-leg hip flexion test) as a result of the static stretching 
program. The researchers concluded that since a 10 sec stretch seems 
to elicit comparable results with a longer duration there is no need to 
hold a stretch for longer than an average of 8-15 sec. Even though this 
conclusion is limited by the scope of the study-- that the subjects were 
20-30 year-old sedentary females and the number of subjects was 
rather small (N=20)-- it agrees with the findings on stretch duration of 
Taylor et al. (1990). 15 
Similarly, the results of a study by Madding, Wong, Hallum, and 
Medeiros (1987) showed that a stretch duration of 15 sec improved hip 
abduction range of motion (ROM) as much as 45 sec and 2 min 
durations. The researchers measured hip abduction ROM of 72 men, 
randomly assigned the men into a control group or one of three 
stretching groups (15 sec, 45 sec, and 2 min), and measured hip 
abduction ROM again immediately after the stretches. The results 
showed that each of the treatments improved ROM significantly and 
that the 15 sec stretch actually produced a more pronounced effect 
than the 45 sec stretch. That the 15 second stretch was more effective, 
however, was unexpected and the authors attribute it to the small 
number of subjects in each group (n=18). 
Bandy et al. (1994) arrived at the opposite conclusion: in their 
study a 30 or 60 sec stretch was more effective at increasing the 
extendibility of hamstring muscles than a 15 sec stretch. Fifty-seven 
subjects were randomly assigned to a control group that did not stretch 
or to one of three experimental groups who performed static stretches 
5 days a week for 6 weeks. The three treatment groups used durations 
of 15, 30, and 60 sec, respectively. The 15 sec stretch was found to be 
significantly less effective than the longer durations whereas the gains 
in flexibility for the 30 and 60 sec durations were not markedly 
different. The average gains in hamstring extensibility (as assessed 
with a passive knee extension test) for the 15, 30, and 60 sec 
durations were 3.78° (9.5%), 12.50° (32.6%), and 10.86° (27.2%), 
respectively. 
Of the studies that have examined factors that influence the 
improvement of flexibility or the effects of stretching programs, several 16 
(Borms et al., 1987; Bandy et al., 1994; Etnyre 86 Lee, 1988; Gajdosik, 
1991) do not mention the amount of repetitions performed by their 
subjects. This could be interpreted to mean that the repetitions were 
not considered a worthwhile variable either to mention or to control-
in either case quite peculiar since repeating the stretches only once (a 
total number of two repetitions) will increase the total stretching time 
by 100%! Similarly, no documented scientific evidence on the effect of 
repetitions on improving range of motion in humans is available. 
The only published investigation of the effect of various 
repetitions on improving flexibility was conducted by Taylor et al. 
(1990). In their experimental research with rabbit EDL muscle-tendon 
units the researchers found that the first four stretches (of a total of 
10) brought forth 80% of the length increases in the subjected muscle-
tendon units. This result places in questionable light any 
recommendations of more than four repetitions-- not because the 
subsequent repetitions might not produce any added gains but because 
the benefit would most likely be negligible. However, the research was 
conducted on rabbit muscle and the stretching was simulated and 
mechanical; therefore, the applicability of the above mentioned results 
needs to be verified with human experiments. 17 
Summary
 
Some possible beneficial effects of stretching and improving 
flexibility include: prevention and correction of low back pain, 
enhancement of economy of movement, and decrease in risk of injury. 
The data on reduction of delayed onset muscle soreness is conflicting 
at best. Based on the literature, there seem to be valid reasons for 
improving and maintaining a good level of flexibility. However, the lack 
and conflicting nature of basic scientific information warrants and calls 
for new research in the methodology of flexibility improvement, 
especially concerning the duration and repetitions of a stretch to 
improve hamstring extensibility. The purpose of this study was to 
examine and clarify the relationship of duration and number of 
repetitions of a stretch and their effect on the resultant change in 
hamstring extensibility. 18 
CHAPTER 3.
 
METHODS AND PROCEDURES
 
The purpose of this study was to examine the effect of three 
different combinations of duration and repetitions of a hamstring 
stretch on the extensibility of the same muscle group. This chapter will 
describe in detail the subject selection and assignment, methods, 
testing and training procedures, instrumentation, experimental design, 
and statistical analysis used. 
Subjects 
The subjects for this study were 40 healthy and injury-free men 
and women from the Corvallis, OR area and were recruited via 
announcements in physical activity and wellness classes and notices 
posted on and around campus. The number of subjects was set at 40 
because it was estimated that with 40 subjects, four groups, the 
significance level set at .05, and an expected large effect size (0.6), a 
statistical power of approximately .90 could be accomplished (Cohen, 
1988). The expected effect size was estimated from the Bandy et al. 
(1994) data by using a formula suggested by Cohen (1988, p.274). 19 
The subjects were randomly assigned to one of three treatment 
groups or one control group of equal size (n=10). Six subjects (5 males 
and 1 female) withdrew from the study and one male subject was 
excluded because of non-compliance to the prescribed stretching 
technique. This left nine subjects in the control group (3 females (f), 6 
males (m)), 8 in the 1 X 15 group (4 f, 4 m), 8 in the 2 X 15 group (3 f, 
5 m), and 8 in the 1 X 30 group (2 f, 6 m). Individual subject and group 
demographic characteristics can be seen in APPENDIX E. 
The details of the study were explained to and discussed with 
the subjects before subjects signed an Informed Consent Form 
required by the Oregon State University IRB (see Appendix B). The form 
described in writing the procedures, possible risks and discomforts, 
benefits, procedures for withdrawal, liability factors, confidentiality, 
and anonymity of the experiment that the subjects volunteered to 
participate in. 
Apparatus 
For measurement of hamstring extensibility (HE), a Leighton 
flexometer (J. Leighton, E. 1321 55th Ave., Spokane, WA 99203) was 
used. The reliability of the flexometer has been reported to be better 
than .90 (Leighton, 1955; Leighton, 1966; deVries, 1986). The 
flexometer is a weighted dial with a weighted needle attached so that it 
points away from the direction of gravity. Two locking devices can be 20 
used to lock the free-moving dial and needle separately at any position. 
The flexometer has a strap attached to it and can be strapped to the 
subject's limb to measure the limb's position in relation to a horizontal 
baseline. A universal plastic goniometer was used to position the hip 
and the knee at the prescribed angles, and a plastic tape measure was 
used to standardize placement of the flexometer. An apparatus to help 
keep the hip positioned at a right angle was constructed from 2 inch 
PVC pipe, and two straps were used to stabilize the hip. All flexibility 
measurements were performed with the subject lying on a padded 
examination table. 
Procedures 
Screening 
A screening questionnaire (APPENDIX C) was used to acquire 
information on the subjects' demographics and possible previous or 
current lower body orthopedic problems. Subjects with conditions that 
would interfere with knee or hip range of motion (ROM) (for example 
ligamentous deficiency in the knee or recurring joint dislocations) were 
excluded from the study. Candidates were also asked to perform five 
simple assessments to screen for generalized ligamentous laxity. If the 
candidate had three of the following five indices, he or she was 
excluded: 1) abduction of the thumb to touch the forearm (with wrist 21 
fully flexed); 2) hyperextension of the little finger metacarpophalangeal 
joint beyond 90° ; 3) elbow hyperextension beyond 10° ; 4) knee 
hyperextension beyond 10° ; 5) ankle dorsiflexion beyond 45° (Steiner, 
1987). 
For inclusion in the study, there had to be room for improvement 
in the subject's HE; therefore, individuals with excessive HE (an AKET 
result in excess of 65°-- see next section) were excluded. The pre­
treatment assessment of HE was also used for screening purposes and 
was performed as described in the next section. 
Testing 
The extensibility of each subject's hamstring muscles was 
determined before and after the treatment (described in the next 
section) at approximately the same time of day. The subjects were 
asked to abstain from any type of exercise on the day of testing and 
from heavy workouts (that might have caused delayed onset muscle 
soreness, for example weightlifting, plyometrics, or extensive downhill 
running) for two days prior to the testing date. 
Immediately prior to testing, all subjects performed a 15 sec 
hamstring stretch with each leg to warm up; the same technique and 
body positioning as for the training was used (for description see 
APPENDIX A). For the flexibility measurements the active knee 
extension test (AKET) procedure described by Sullivan et al. (1992) was 
applied. In a reliability pilot study carried out by the above mentioned 22 
researchers, the intratester and intertester correlations of the AKET 
were calculated to be 0.99 and 0.93, respectively. Analysis of data from 
a test-retest reliability pilot study in the author's lab resulted in an 
intratester reliability of 0.92 and a SEM of 3.18° (individual subject data 
from the pilot study can be seen in APPENDIX G). 
For the AKET the subject was positioned face up on a padded 
table with left leg extended and right leg flexed 90° at the hip and the 
knee. The subject's hip was stabilized by strapping the waist and the 
left thigh to the table. A goniometer was used to position the right leg 
at the above mentioned angle, and the subject was instructed to keep 
the anterior thigh in contact with the cross-bar of a testing apparatus 
to maintain the hip angle throughout the test. The flexometer was 
strapped onto the right leg, one inch below the fibular head, and the 
foot was allowed to remain in relaxed plantar flexion. The subject was 
then instructed to slowly (about 15° per sec) extend the knee 
maximally while retaining the right angle at the hip. The maximal knee 
extension angle was recorded as degrees from the starting position 
(knee at 90°). Only right side measurements were recorded. To 
minimize the danger of measurement error, the angle recorded as the 
final AKET score was the mean of the subject's third, fourth, and fifth 
trial. 23 
Training 
The subjects were randomly but sex-specifically (by stratified 
random assignment) allocated into three treatment groups and one 
control group. The male/female ratios of groups were kept as close as 
possible because evidence suggests that women tend to have better 
flexibility than men (Alter, 1988, p. 64). The treatment groups 
performed the prescribed stretches once a day, five times a week 
(Monday to Friday), for 3 weeks-- a frequency and duration that based 
on previous studies (Sullivan et al., 1992; Borms et al., 1987) could be 
expected to cause significant changes in HE. The 3 treatment groups 
stretched for one repetition of 15 sec (1X15), two repetitions of 15 sec 
(2X15), or one repetition of 30 sec (1X30), respectively. 
During the first testing session, correct stretching technique was 
demonstrated and taught individually and a handout with directions for 
technique and body positioning to be used (APPENDIX A) was given to 
each subject in the training groups. The stretch was demonstrated by 
the administrator of the experiment and corrections were made to the 
form exhibited by subjects, especially concerning the pelvic tilt. Signs 
of a posterior pelvic tilt (Sullivan et al, 1992) that were contraindicated 
include: flexing the trunk, attempting to touch the head on the knee, 
and letting the back posture "collapse" during the stretch. 
The subjects were requested not to change their exercise habits 
during the training period and to keep a logbook on their training 
progress (a sample logbook can be seen in APPENDIX D). 24 
Experimental Design
 
Changes in HE in the three treatment groups and in the control 
group were evaluated by comparing the scores from the pre-treatment 
test to the post-treatment test scores. To identify possible significant 
differences between groups the pre- and post-test scores of groups 
were compared with each other by using a 4 X 2 (groups / pre/post) 
between/within design with a repeated measure on the last factor. 
Statistical Analysis 
A factorial analysis of variance (ANOVA) was used to analyze the 
data. An ANCOVA with pre-treatment scores as covariants was 
performed to ensure that variability in pre-treatment scores of groups 
did not conceal a significant treatment effect. The SPSS software 
package (SPSS Inc., 1983) was used for the statistical analysis of data. 25 
CHAPTER 4.
 
RESULTS AND DISCUSSION
 
Results 
The four groups were quite similar demographically: the average 
ages ranged from 28 to 34 years, average height was the same for all 
groups (176 cm), and average weight ranged from 69 to 73 Kg. Gender 
distribution within groups varied from a 2/6 to a 4/4 female/ male ratio. 
Demographic group data can be seen in Table 1. 
Table 1: Demographic data. 
GROUP  N/SEX  AGE (yrs)  HT. cm  WT. (Kg) 
CONTROL  3f, 6m  28  (5.4)  176  (10.0)  71 (8.8) 
1 X 15  4f, 4m  31  (9.7)  176  (13.0)  70 (20.7) 
2 X 15  3f, 5m  29  (10.2)  176  (6.9)  69 (8.7) 
1 X 30  2f, 6m  34  (10.5)  176  (10.7)  73 (10.3) 
, 
* Numbers in parentheses are standard deviations. 
The averaged pre- and post-treatment scores and standard 
deviations for groups can be seen in Table 2. The treatment groups
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improved their AKET scores between 3.8° and 6.8°, whereas the control 
group's score changed by only 0.9°. 
Table 2: Pre- and post-treatment AKET scores. 
GROUP  PRE  POST  DIFFERENCE 
CONTROL  54.5 ° (8.0)  55.4° (6.9)  0.9° (5.7) 
1 X 15  51.6 ° (4.7)  55.8° (5.8)  4.2° (3.1) 
2 X 15  47.2 ° (4.3)  54.0° (7.0)  6.8° (3.9) 
1 X 30  44.5 ° (12.4)  48.3° (15.1)  3.8° (6.7) 
* Numbers in parentheses are standard deviations. 
A repeated measures ANOVA showed no significant effect for 
treatment group (P = 0.181) or for treatment by pre- and post-treatment 
measurements (P = 0.140) but indicated a significant difference 
between pre- and post-treatment measurements (P < 0.001). 
Out of concern that the variance in group pre-treatment scores 
might have affected the analysis, an ANCOVA with pre-treatment 
scores as covariants was performed. The difference between treatment 
groups did not prove to be significant according to the ANCOVA, either 
(P = 0.196). The ANOVA tables can be seen in Tables 3 and 4. 27 
Table 3: Repeated measures ANOVA-table. 
SOURCE  SS  DF  MS  F  P  POWER 
TREATMENT  726.69  3  242.23  1.74  0.181  0.405 
PRE/ POST  252.78  1  252.78  19.90  0.000  0.991 
TRTMNT BY  75.26  3  25.09  1.97  0.140  0.455 
PRE/ POST 
Table 4: Pre-treatment score as covariant ANCOVA-table. 
SOURCE  SS DF MS  F  P 
TREATMENT  131.94  3  43.98  1.67  0.196 
COVARIATE  1815.65  1  1815.65  68.94  0.000 
Discussion 
The treatment groups in the present study all improved their HE 
as indicated by the comparison of pre-treatment to post-treatment 
AKET scores. Whether the observed improvements in HE were due to a 
plastic change of the muscle-tendon unit or increased stretch 
tolerance-- the two main ways of muscle elongation-- could not be 28 
deduced from the available data. In any case, subjects who stretched 
their hamstrings 15 or 30 sec once a day for three weeks (a total of 
fifteen times) improved their AKET scores by an average of about 4.7°. 
Therefore, the results of the current study agree with the literature in 
that the time effect-- the difference between pre- and post-treatment 
measurements-- was found to be significant. However, the amounts of 
improvement reported in the literature have differed vastly. 
In a study by Sullivan et al. (1992), subjects who stretched for 30 
sec once a day, 4 days per week over a two-week period improved their 
AKET scores by 9.2°-- more than twice the improvement in the 1 X 30 
treatment group of the present study. One reason for this may be that 
the subjects in the Sullivan et al. study, unlike the subjects in our 
study, were supervised during their stretching. This may have ensured 
that the subjects consistently maintained an anterior pelvic tilt-- a 
position that was shown by the research of Sullivan et al. to be 
significantly more effective than a posterior pelvic tilt. As a matter of 
fact, the improvement of the group that used a posterior pelvic tilt (but 
the exactly same duration and frequency) in the Sullivan et al. study 
was very similar to the improvement of the 1 X 30 group in our study 
(3.7° and 3.8°, respectively). This may suggest that our subjects did not 
maintain a proper anterior pelvic tilt while stretching. The subjects 
were taught the correct technique for the anterior pelvic tilt before the 
start of the training program and received a handout that described and 29 
stressed the importance of using an anterior pelvic tilt. But because 
the program was home-based and unsupervised, the subjects' 
adherence to correct technique could not be controlled. 
Bandy et al. (1994) found that a 30 sec hamstring stretch with 
"the spine in a neutral position" (p. 848) performed five times per week 
for six weeks improved the subjects' hamstring extensibility by an 
average of 12.5°-- even considering the longer training period, a much 
larger gain than the 3.8° found in the present study. However, the 
1 X 15 sec stretching group in our study saw comparable improvements 
with the corresponding group in the Bandy et al. study: 4.2° and 3.8°, 
respectively. Thus the data from the present study do not support the 
conclusion of Bandy et al. that a 30 sec static stretch would be more 
effective than a 15 sec stretch in improving flexibility. 
The differences in pre- and post-treatment scores in a study 
performed by Borms et al. (1987) are not directly comparable with the 
results of the present study because of different measurement 
techniques. But their finding that 10, 20, and 30 sec durations of a 
stretch have the same effect on the improvement of flexibility seems to 
be supported by our finding that 15 and 30 sec stretches produced 
similar increases in hamstring extensibility. Similarly, our results are 
in general agreement with the data from Taylor et al. (1990), who found 
that the most significant amount of stress relaxation or lengthening in 
rabbit muscle-tendon units occurred during the initial 12 to 18 sec. 30 
A possible reason for the finding of no statistically significant 
difference between treatment groups is the low power that was 
accomplished in the present study. Power for the analysis of treatment 
by time effect-- the difference in improvement between stretching the 
hamstrings for 1 X 15, 2 X 15, or  1 X 30 sec-- was calculated to be only 
0.455. This means that the chance of finding a significant difference (if 
one actually existed) was less than 50%. However, when looking at the 
raw data it can readily be seen that the tendency postulated in the 
research hypotheses is there: the treatment groups improved (between 
3.8° and 6.8°) much more than the control group which changed only 
slightly (0.9°). The 1 X 15 and  1 X 30 groups improved by a similar 
amount (4.2° and 3.8°, respectively), and the 2 X 15 group improved 
considerably more  (6.8°) (see Figure 1). Therefore we believe that with 
more subjects and resulting greater power the null hypotheses-- that a 
30 sec stretch is more effective than a 15 sec stretch even if the 15 sec 
stretch is repeated-- could have been rejected. 31 
Figure 1: AKET improvements
 
control  1 X 15  2 X 15  1 x 30 
The results of this study support the concept of using a shorter 
duration (about 15 sec) of a stretch, since a longer duration does not 
seem to produce any added benefit. Thus it seems that the 
physiological sequence of stretching a muscle-tendon unit (the muscle 
spindles causing the muscle to contract, the Golgi tendon organs 
overriding that impulse, and the most time-efficient lengthening of the 
muscle-tendon unit) takes only approximately 15 sec. The results also 
highlight the importance of considering the number of repetitions when 
designing flexibility research or a stretching program. In designing 
research on flexibility, the repetitions of a stretch have to be controlled 
as a variable, and, when stretching protocols are described, the number 
of repetitions needs to be mentioned-- just as it is in, for example, 
weight training-- along with duration. 32 
CHAPTER 5.
 
SUMMARY, CONCLUSIONS, AND
 
RECOMMENDATIONS FOR FUTURE RESEARCH
 
Summary 
The purpose of this study was to examine and try to clarify the 
relationship of duration and number of repetitions of a stretch and 
their effect on changes in HE resulting from a three-week stretching 
program. 40 male and female subjects aged between 19 and 51 years 
were recruited and by stratified random assignment appointed to one of 
four groups (a control group or one of three treatment groups). The 
control group was asked not to change its activity level in any way 
during the three-week long study, whereas the subjects in the 
treatment groups added a hamstring stretching regimen to their 
exercise routines. The three stretching groups stretched their 
hamstrings once-a-day, five-times-a-week either 1 X 15, 2 X 15, or 1 X 
30 seconds for three weeks. 
HE of all subjects was determined by an AKET before and after 
the three-week study. During the test the subject lay supine with right 33 
hip and knee both flexed to a right angle (starting point) and-- while 
maintaining a right angle at the hip--actively extended the knee joint 
as fully as possible (end point). The difference in degrees between the 
starting and the end point was measured with a Leighton Flexometer, 
and an average of three measurements was recorded. The pre- and 
post-training results were compared with each other and possible 
differences between average improvements of groups were examined by 
a 4 X 2 (4 groups X pre- and post-treatment) repeated measures 
ANOVA. 
33 subjects completed the study. The statistical analysis showed 
no statistically significant effect for treatment group (P = 0.181) or for 
treatment by pre- and post-treatment AKET measurements (P = 0.140), 
but indicated a significant difference between pre- and post-treatment 
results (P < 0.001). The average differences in pre- and post-treatment 
scores for groups were: control group 0.9°, SD 5.7; 1 X 15 sec group 
4.2°, SD 3.1; 2 X 15 sec group 6.8°, SD 3.9; and 1 X 30 sec group 3.8°, 
SD 6.7. The power estimate for the main (treatment) effect was low 
(0.405). 34 
Conclusions
 
Within the scope of this study it can be concluded that two of the 
postulated three null hypotheses can be rejected. The first null 
hypothesis-- that stretching the hamstrings 1 X 15, 2 X 15, or 1 X 30 
sec does not improve HE any more than not stretching-- has to be 
rejected because the stretching groups improved significantly more 
than the control group. The second null hypothesis-- that a 30 sec 
stretch duration would yield better results than a 15 sec stretch-- is 
also rejected because the 15 and 30 sec stretch durations improved HE 
by amounts that were not significantly different. Finally, the third null 
hypothesis-- that a 2 X 15 sec stretch would not improve HE any more 
than a 1 X 15 or a 1 X 30 sec stretch-- cannot be rejected because no 
significant difference was found between the effects of these three 
stretching protocols on HE. 35 
Recommendations for Future Research
 
If the current research were to be replicated the main issues to 
be addressed should be: ensuring subject adherence to prescribed 
stretching technique (maintaining an anterior pelvic tilt) and securing a 
large enough subject population to accomplish adequate power. To be 
sure that the subjects use the more effective APT during stretching, 
the stretching sessions may need to be supervised or the pre-training 
instruction of the subjects concerning pelvic tilt intensified. To get an 
accurate estimate of power (and the needed sample size) in the design 
phase, statistical analyses with simulated data and varying subject 
numbers may be useful. 
Future inquiries into the methodology of stretching should 
address the issue of repetitions more thoroughly; for example, to 
determine how many repetitions of a stretch still improve flexibility 
significantly and after how many repetitions improvements become 
negligible. Since a 15 sec duration seems as effective as a 30 sec 
stretch, treatment groups could be assigned to repeat a 15 sec stretch 
1, 2, 3, 4, 5, or 6 times, and the resultant changes in HE could be 
compared with each other. 36 
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APPENDIX A
 
Hamstring Stretch 
find a chair or box (one to two feet high) and stand facing it on the 
floor or ground. 
place the heel of the leg to be stretched on the chair or box with the 
knee held straight and the ankle in a relaxed position. 
maintain an anterior pelvic tilt (Sullivan et al, 1992) by looking 
straight ahead, keeping a good posture and the shoulders pulled 
back, and extending the spine while bending forward at the hip until 
mild discomfort but no pain is felt in the back of the thigh of the leg 
to be stretched. 
maintain the stretch for  seconds and proceed to stretch the 
opposite leg by reversing the position of the legs. Perform the 
stretch  time(s) for each leg. 
complete the log entry for that day. 
perform stretches once a day, five times per week (Monday through 
Friday) for three weeks. 
Signs of a posterior pelvic tilt (Sullivan et al, 1992) that should be 
avoided include: flexing the trunk, attempting to touch the head on 
the knee, and letting the back posture "collapse" during the stretch. 41 
APPENDIX B 
Informed Consent Document 
Department of Exercise and Sport Science 
A Comparison of the Effects of Stretch Duration
and Repetitions on Hamstring Extensibility 
Investigators: Gent Mende and Anthony Wilcox, Ph.D. 
Purpose:
 
The purpose of this research is to determine the effect of the time a stretch is held (15 or 30
 
sec) and the number of times it is performed (1 or 2 repetitions) on improving hamstring
 
extensibility.
 
Pre-study screening:
 
I will be asked to fill out a medical history questionnaire, to perform five simple stretches,
 
and have my hamstring extensibility assessed (see next section) to determine whether I am
 
a suitable candidate for the study. After completion of the screening, I may or may not be
 
asked to participate in the study.
 
What participants will do during the study:
 
My participation will involve taking part in two testing sessions during which my
 
hamstring extensibility is determined. After a brief warm-up (about one minute of
 
stretching), I will be asked to lie on my back with one leg bent at the hip and to straighten
 
out my knee as fully as possible while the administrator of the test uses a device to measure
 
the knee joint angle. Each testing session will take approximately ten minutes. After the
 
first testing session, I will participate in a three-week training period during which I will
 
stretch my hamstrings once a day, five days a week, and complete a short entry in a
 
training log after each stretching session. The stretching will take approximately ten
 
minutes each day. If assigned to the control group, I will not change my exercise habits in
 
any way for three weeks. After three weeks my hamstring extensibility will be tested for a
 
second time, in the same manner as the first time.
 
Foreseeable risks or discomforts: 
I realize that there are foreseeable risks or discomforts to me if I agree to participate in the 
study. The possible risks are muscle strains or pulls. Possible discomforts include 
uncomfortable feelings during the stretches and muscle soreness. The risk for these effects 
will be reduced as a result of instruction that I will receive regarding proper stretching 
technique. Also, I will be advised to stretch only to a point of mild discomfort but not pain. 
Benefits to be expected from the research:
 
I understand that the possible benefits of my participation in the study include improved
 
hamstring flexibility. My participation will also contribute to adding to the scientific body
 
of knowledge about stretching in general.
 
Alternative procedures or course of treatment:
 
There are no feasible alternative procedures available for this study.
 42 
Confidentiality:
 
I understand that the results of the research may be published but that my name or identity
 
will not be revealed. In order to maintain confidentiality of my records, the researchers will
 
assign me a personal identification number that will be used to identify my data in the
 
testing situation. Only the researchers in the project will have access to my identification
 
number.
 
Voluntary participation statement:
 
I understand that my participation in this study is completely voluntary and that I may either
 
refuse to participate or withdraw from the study at any time without penalty or loss of
 
benefit to myself.
 
If you have questions:
 
I have been informed that any questions I have concerning the research study or my
 
participation in it, before or after my consent, will be answered by: Dr. Anthony Wilcox,
 
Langton Hall 220, Oregon State University, Corvallis, OR 97331; telephone number: (541)
 
737-2643 or Gent Mende, Langton Hall 125 B, Oregon State University, Corvallis, OR
 
97331; telephone number: (541) 737-6797. Questions I may have regarding my treatment
 
as subject in this study should be directed to Mary Nunn, Sponsored Programs Officer,
 
OSU Research Office, Corvallis OR 97331; telephone number: (541) 737-0670.
 
Understanding and compliance:
 
My signature below indicates that I have read and understand the procedures described
 
above and give my informed and voluntary consent to participate in this study. I understand
 
that I will receive a signed copy of this consent form.
 
Subject's signature  Name of subject 
Date signed 
I certify that I have explained to the above individual the nature and purpose, the potential 
benefits, and possible risks associated with participation in this research study, have 
answered any questions that have been raised, and have witnessed the above signature. I 
have provided the subject or participant a copy of this signed informed consent form. 
Investigator's signature  Name of investigator 
Date signed 43 
APPENDIX C
 
Screening Questionnaire
 
Name:  Date: 
Address:  Phone: 
Age:  Gender:  Height:  Weight: 
1) Have you ever had an injury to your hip?  Yes No 
If yes, when and what kind? 
2) Have you ever had an injury to your knee?  Yes No 
If yes, when and what kind? 
3) Have you ever injured your hamstring muscles?  Yes No 
If yes, when and what kind? 
4) Have you ever had an injury to your lower back?  Yes No 
If yes, when and what kind? 
5) Do you consider your hamstrings to be tight or flexible? 
6) Do you stretch regularly? If yes, what muscle groups, how often, and 
how long per session? 44 
Subject name: 
Tests of generalized ligamentous laxity 
Abduction of thumb to touch forearm: 
Hyperextension of little finger (>90°): 
Hyperextension of elbow (>10°): 
Hyperextension of knee (>10°): 
Dorsiflexion of ankle (>45°): 
pos.  neg. 
pos.  neg. 
pos.  neg. 
pos.  neg. 
pos.  neg. 
A positive result in three or more tests will result in exclusion 
from the study. 45 
APPENDIX D 
Training log 
Directions: Perform the stretches (_ x  sec). Immediately after stretching, record the 
time of day, repetitions, duration, and how you felt before, during, and after stretching. 
1st week  Time  Reps  Duration  Before  During  After 
Monday 
Tuesday 
Wednesday 
Thursday 
Friday 
2nd week 
Monday 
Tuesday 
Wednesday 
Thursday 
Friday 
3rd week 
Monday 
Tuesday 
Wednesday 
Thursday 
Friday 46 
APPENDIX E
 
Table 5: Individual subject data 
Group_  PRE  POST  DIFFER.  AGE  SEX  HT (cm)  WT (Kg) 
control  54  63.67  9.67  25  F  168  62 
control  65  59.3  -5.7  28  M  173  68 
control  48.67  46.3  -2.37  29  M  178  71 
control  62.67  60.67  - 2  32  M  178  72 
control  44.67  52.67  8  24  F  180  75 
control  60.3  64  3.7  23  F  157  67 
control  54  50.3  -3.7  23  M  188  77 
control  42.3  46.67  4.37  39  M  190  90 
control  59  55  - 4  33  M  176  61 
Averaies  54.51  55.40  0.89  28.44  176.44  71.44 
SD  7.99  6.87  5.65  5.43  9.98  8.79 
1 X 15  54  54.67  0.67  26  F  158  48 
1 X 15  59.67  65  5.33  24  F  173  59 
1 X 15  51.67  51.3  -0.37  32  M  175  67 
1 X 15  55  63.3  8.3  53  M  183  90 
1 X 15  48  51  3  28  F  174  61 
1 X 15  45.67  52.3  6.63  34  M  196  101 
1 X 15  52  58.67  6.67  25  F  160  47 
1 X 15  47  50.3  3.3  24  M  188  90 
Averages 
SD 
51.63 
4.66 
55.82 
5.81 
4.19 
3.06 
30.75 
9.72 
175.88 
13.02 
70.38 
20.65 
2 X 15  43.3  50.67  7.37  23  F  162  52 
2 X 15  48.3  56.3  8  24  M  186  81 
2 X 15  48  56  8  38  F  178  70 
2 X 15  46.67  48.67  2  22  M  175  65 
2 X 15  48  52.67  4.67  19  F  175  67 
2 X 15  55.3  69.67  14.37  50  M  180  76 
2 X 15  47.67  50.3  2.63  29  M  173  65 
2 X 15  40.67  48  7.33  28  M  178  72 
Averages 
SD 
47.24 
4.25 
54.04 
7.03 
6.80 
3.89 
29.13 
10.23 
175.88 
6.88 
68.50 
8.67 
1 X 30  50.67  57.3  6.63  26  M  178  83 
1 X 30  33.67  36.3  2.63  49  M  183  72 
1 X 30  24.67  26.3  1.63  26  M  191  90 
1 X 30  61  60  1  32  F  155  65 
1 X 30  55  60.3  5.3  30  M  178  75 
1 X 30  34.3  30  -4.3  51  M  178  68 
1 X 30  50  51.67  1.67  24  M  178  76 
1 X 30  46.3  64.33  18.03  37  F  168  57 
Averages 
SD 
44.45 
12.36 
48.28 
15.09 
3.82 
6.68 
34.38 
10.49 
176.13 
10.66 
73.25 
10.33 47 
APPENDIX F 
Table 6: Individual AKET trials data 
Group  ,3rd  trial  4th  5th  AVG.  3rd  trial  4th  5th  AVG. 
control  56  50  56  54  65  66  60  63.67 
control  65  65  65  65  59  59  60  59.3 
control  48  49  49  48.67  47  46  46  46.3 
control  64  61  63  62.67  60  59  63  60.67 
control  45  44  45  44.67  50  53  55  52.67 
control  64  62  55  60.3  62  63  67  64 
control  54  53  55  54  49  52  50  50.3 
control  42  41  44  42.3  47  46  47  46.67 
control  59  59  59  59  55  55  55  55 
Average, 
SD 
54.51 
7.99 
55.40 
6.87 
1 X 15  55  52  55  54  55  53  56  54.67 
1 X 15  59  61  59  59.67  66  63  66  65 
1 X 15  52  53  50  51.67  50  52  52  51.3 
1 X 15  56  53  56  55  61  65  64  63.3 
1 X 15  48  48  48  48  53  50  50  51 
1 X 15  44  48  45  45.67  52  52  53  52.3 
1 X 15  51  53  52  52  56  59  61  58.67 
1 X 15  47  47  47  47  48  53  50  50.3 
Average 
SD 
51.63 
4.66 
55.82 
5.81 
2 X 15  43  45  42  43.3  50  50  52  50.67 
2 X 15  48  49  48  48.3  56  56  57  56.3 
2 X 15  48  48  48  48  55  58  55  56 
2 X 15  46  46  48  46.67  46  50  50  48.67 
2 X 15  47  46  51  48  53  51  54  52.67 
2 X 15  56  55  55  55.3  68  70  71  69.67 
2 X 15  46  50  47  47.67  50  51  50  50.3 
2 X 15  40  42  40  40.67  ,  48  47  49  48 
Average, 
SD 
47.24 
4.25 
54.04 
7.03 
1 X 30  50 
--, 
52  50  50.67  55  59  58  57.3 
1 X 30  34 
, 
32  35  33.67  34  38  37  36.3 
1 X 30  24  25  25  24.67  26  28  25  26.3 
1 X 30  61  61  61  61  60  60  60  60 
1 X 30  54  57  54  55  61  60  60  60.3 
1 X 30  34  35  34  34.3  30  30  30  30 
1 X 30  49  50  51  50  52  50  53  51.67 
1 X 30  47  44  48  46.3  63  64  66  64.33 
Average 
SD 
44.45 
12.36 
48.28 
15.09 48 
APPENDIX G 
Table 7: Pilot study data 
Subject 3rd  trial  4th  5th DAY1 avg3rd  trial  4th  5th  DAY2 avg 
1  49  46  47  47.33  46  47  47  46.67 
2  52  53  52  52.33  52  57  56  55.00 
3  40  42  41  41.00  43  44  44  43.67 
4  70  71  72  71.00  75  73  73  73.67 
5  55  61  60  58.67  70  72  68  70.00 
6  75  76  76  75.67  69  66  68  67.67 
7  74  72  70  72.00  76  76  77  76.33 
8  75  76  75  75.33  76  76  79  77.00 
9  52  47  56  51.67  44  48  48  46.67 
10  48  49  45  47.33  49  50  43  47.33 
Average  59.23  60.40 
SD  1  13.13  13.77 